The inverse scattering method is applied to a coupled electron-phonon system of one dimension. Adiabatic potentials are calculated exactly for the case of any number of independent electrons coupled to deformable continuum. Polarons, bipolarons and their interaction are discussed.
Strongly coupled electron-phonon systems have attracted interest for more than fifty years. It was shown that an electron interacting with acoustic phonons through the deformation potential can be trapped by the self-induced lattice distortion. I) The condition for the self-trapping depends on the dimensionality of the system. 2 ), 3) There is a certain critical value of the coupling constant in three dimensions, while in one dimension the self-trapping occurs, however small the coupling constant may be. It was pointed out that two electrons attract each other through the phonon-mediated interaction and form a bipolaron when the phonon mediated attraction overcomes the inter-electronic repulsion. 4 ) Recently, intrinsic defect states in polyacetylene have aroused renewed attention. Explicit solutions have been obtained exactly for the soliton,S) the polaron 6 ) and the bipolaron 7 ), 8) in the continuum model of polyacetylene. S ) This success is indebted to the application of the inverse scattering method (ISM).
In the model of polyacetylene, the object of the ISM is a two component Dirac equation of one dimension which arises as the Bogoliubov-de Gennes equation. On the other hand, the electronic state is determined by a Schrodinger equation in the molecular-crystal model,g) where electrons in a single energy band interact with an acoustic phonon field. Although the ISM for Schrodinger equations is much simpler than that for Dirac equations, the ISM has not applied to the molecular-crystal model yet. The essence of the problem in the molecular-crystal model within the adiabatic approximation is in determining the electronic state and the lattice distortion selfconsistently. In this paper, the ISM is used to represent the lattice distortion in the one-dimensional molecular-crystal model by the scattering data of the electron. As a consequence, one can automatically satisfy the self-consistency condition and one needs to manage only the electronic freedom.
Let us consider several electrons interacting with an acoustic phonon field in a one-dimensional lattice. Since the main subject of this paper is to study the effect of electron-phonon interaction, the inter-electronic interaction is completely neglected. Replacing the phonon field by an elastic continuum with dilation 0(x), one can write the Schrodinger equation which determines the electronic states as (1) where m and Ed is the electron mass and the electron-phonon coupling constant
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Vol. 77, No.6 respectively, and rfJix) is the normalized wave function of the j-th eigenstate with the eigenvalue It. The adiabatic potential W of the coupled electron-phonon system is given by (2) Here, nj is the occupation number of the j-th state and C is the elastic constant of the continuum. The elastic energy term in Eq. (2) (4) where r(k) is the reflection coefficient of the scattering state of Eq. (1) with the wave vector k.
As one can see from Eq. (3), the minimum energy state will be realized irrespective of the number of electrons when r(k)=O, namely the potential felt by the electron E d L1(x) is reflectionless and all the electrons are trapped in the bound states. At this case, W can be written as (6) where (7) (8) W takes the minimum value (9) when fii= ni. This result reminds us of the ground state of the electron-phonon system. When there is one electron in the system, the ground state is a polaron state where the only one bound state exists and the electron is trapped in it. The ground state of the two electron system is a bipolaron state where a spin singlet pair of two electrons is captured in the sole bound state. Since an electron is a fermion with spin one-half, the values of ni are restricted to integers from ° to 2 in Eq. (9) . So, the ground state of the system with more electrons is an aggregate of bipolarons or a mixture of bipolarons and a polaron depending on whether the number of electrons is even or odd, respectively. The energy of the polaron state Wp and the bipolaron state WbP are given by (10) W bP =-8Wo.
The extrema of the adiabatic potential can be obtained by first minimizing W with respect to the lattice distortion in contrast to the principle of the adiabatic approximation. The value of Wp agrees with that obtained by this approach before.
Since the ground state of the two electron system is the bipolaron state, two separate polarons will react and form a bipolaron. Let us consider this reaction. Figure 1 is the map of the constant-energy contours for the two electron system. Each contour line is determined by (12) The most probable path of this reaction is thought to be the steepest descent path on the adiabatic potential which is the thick line drawn from the point A through the point E in Fig. 1 . The analytic expression of this line can be given by Curves marked with letters from A to E corre· spond to points from A to E in Fig. 1 Figure 2 shows the shapes of L1(x) at several points on the steepest descent path of Fig.  1 .
Strongly coupled electron-phonon systems have been investigated by Professor Y. Toyozawa for more than thirty years. The author thanks him for his continual leading and encouragements.
